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ABSTRACT OF THE DISCLOSURE 

An apparatus for producing electrolyzed water comprising an 
electrolytic cell, wherein the electrolytic cell includes an 
anode plate having a through-hole, a cathode plate having a 
through-hole and a sealing member. The electrolytic cell is 
constructed of the anode plate, the cathode plate, and the 
sealing member with the sealing member interposed between the 
anode plate and the cathode plate. Thereby a electrolytic 
chamber for electrolysing subject water to be electrolysed is 
defined between the anode plate and the cathode plate. One of 
the through-holes of the anode plate and the cathode plate serves 
as an inlet for introducing the subject water into the 
electrolytic chamber, the other through-hole serves as an outlet 
for discharging the subject water into the electrolytic 
chamber* 
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APPARATUS FOR PRODUCING ELECTROLYZED WATER 

BACKGROUKD OF THE INVENTION 
1. Field of the Invention 

The present invention relates to an apparatus for producing 
electrolyzed water for separating liquid such as water (which 
5 will be referred to as subject water to be electrolysed, or 
simply subject water hereinafter) by electrolysis into 
electrolyzed acidic water and electrolyzed alkaline water, or for 
jterely electrolyzlng liquid such as water to produce electrolyzed 
water. 

10 2. Description of the Related Art 

The apparatus for producing electrolyzed acidic water and 
electrolyzed alkaline water are shown, for example, in U.S. 
Patent Nos. 5,055, 170 and 5,234,563. 

In the apparatus for producing electrolyzed water of this 
15 type, the subject water to be electrolyzed such as city water is 
supplied into the electrolytic cell, and DC current is supplied 
to between anode and cathode plates. Then, an electrolysis of 
the -ater is carried out in the electrolytic cell and as a 
result, the concentration of hydrogen ion is increased in an area 
20 adjacent the anode plate to provide electrolyzea acidic water, 
while tha concentration of hydroxide ion is increased in an area 
adjacent the cathode plate to prb"lde alkaline water. 

in this case. factors governing the pH (potential of 
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Hydrogen) value of the electrolyzed water produced by 
electrolysis are the flow rate (by volume) of subject water which 
flows through the electrolytic cell, the current density across 
the electrode plates and the time of contact of the subject water 
with the electrode plates. In other words, the pH value of the 
electrolysed water, the flow rate and the sixes of components of 
the electrolyzed water producer ( such as the electrolytic cell, 
the electrode plates and a power source) are Influenced by one 
another . 

For this reason, when the amount of electrolysed water 
discharged per unit time is intended to be increased while 
maintaining a desired pH value, it is necessary to supply a large 
amount of electric power to the subject water, and it is a 
conventional practice to increase the size of the power source, 
or to increase the area of the electrode plate, or to provide a 
large number of electrode plates. 

However, for exanple. when the electrolyzed water is put 
into use as drinking water or for disinfection or sterilization, 
or into a domestic use, a business use or an industrial use. the 
conditions demanded such as the pH value, the discharge amount 
per unit time and the like are diverse dependent upon the 
application of the electrolyzed water producer and hence, in the 
prior art electrolyzed water producer, comments such as the 
electrolytic cell, the electrode platea. the power source and the 
25 like must be designed and produced at each time in a 
a pec If Icatlon mooting the demand. 
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For this reason, a lot of time is required for designing 
each component, and huge costs are required for equipments such 
as a mold for producing each component, * fabricating equJ . lent 
and the like. in addition, the number of exclusively used 
_ , — ~*"-» • even ouiTxng assemoxxng, the 

management for the components is troublesome. As a result, it is 
difficult to timely provide apparatus for producing electrolyzed 
water and to realize a reduction in cost. Particularly, 
notwithstanding that super electrolyzed water such as super 
10 acidic water is extremely excellent in a social contribution for 
a medical use, there is a problem that the apparatus for 
producing electrolyzed water can be provided only as remaining 
expensive. 

Such electrolyzed acidic water or electrolyzed alkaline 
15 water is used in a wide range, for example, as drinking water and 
for washing of face, sterilization, cleaning and the like and 
from this respect, it may be desired to be delivered at a desired 
temperature in some cases. 

However, the temperature of the electrolyzed water is risen 
20 relative to the temperature of subject water by the electrolysis 
and hence, it is necessary to cool the produced electrolyzed 
water again at the delivery time. In addition, the conductivity 
of the subject water is influenced by the temperature of the 
aubject water and hence, even if the electrolyzed water is 
25 desired to be delivered as cold water, it may be desirable in 
respect of the electrolytic efficiency in tome cases that the 
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subject water is electrolyzed at a temperature higher than the 
temperature of the delivered water. 

The prior art apparatus for producing electrolyzed water has 
no heating and cooling functions, and in order to adjust the 
temperature of the produced electrolyzed water or the subject 
water supplied, it is necessary to specially dispose a heater 
and/or a cooler in juxtaposition with the apparatus. In this 
case, the heater and the cooler are exclusively used and need to 
be designed and fabricated at each time in accordance with the 
specification of the apparatus for producing electrolyzed water. 

On the other :.and. It is known that at a pH value equal to 
or higher than 8, most of an aqueous solution of hypochlorous 
acid containing residual free chlorine is dissociated into 
hypochlorite ion OC1" to exhibit a significantly reduced 
sterilizing power, as compared with bypochlorous acid HCIO, but 
at a pH value in a range of from 3 to 7, the aqueous solution of 
hypochlorous acid is maintained in the form of hypochlorous acid 
HCIO to exhibit a drastically increased sterilizing power. An 
aqueous solution of hypochlorous acid having, for example, a pH 
value in a range of from 3 to 7, even if it has a concentration 
of residual chlorine therein as low as 30 to 60 ppm, provides a 
sterilizing effect equivalent to that of an aqueous solution of 
hypochlorous acid having a pH value of 8 and a residual chlorine 
concentration of 200 ppm. Thus, in providing such an equivalent 
sterilizing effect, the amount of chlorine added can be reduced, 
if the pH value ia controlled appropriately. 
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There is a conventionally known method for producing 
sterilizing water of such a type, which comprises mixing water 
containing sodium chloride added therein with water containing 
chlorine added therein and subjecting a resulting mixture to an 
5 electrolysis in an electrolytic ceii 

described, for example, in Japanese Patent Application Laid-open 

No. 237, 478/93. 

in this method, however, the concentration of residual 
chlorine can be controlled by adjusting the quantity of 
10 electricity and the amount of chlorine ion added, but if 
conditions for a producing apparatus such as the size of the 
electrolytic cell and the size and arrangement of electrode 
plates (particularly, a distance between the electrode plates) 
are determined, the quantity of electricity applied to subject 
water is fixed and from this respect, it is an only means to 
control the concentration of residual chlorine by adjusting the 
amount of chlorine ion added. For this reason, a given limit 
exists in the range of controlling the concentration of residual 
chlorine . 

in addition, in this method, the contents of chlorine gas, 
hypochlorous acid and hypochlorite ion present in an aqueous 
solution of hypochlorous acid after electrolysis are controlled 
by the amount of chloric acid added to subject water. Therefore, 
this method is suitable for producing a solution having a large 
content of hypochlorous acid excellent In sterilizing effect, but 
in this method, it is difficult to produce, for example, weakly 
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acidic sterilising water h avina a P H vaXue on the order of 7 to 
B and stron.1v acidic sterilising water having a P K vaXue on the 
order of 2- 

SUMMARY OF THE INVENTION 
I t is an cblect of the present Invention to provide an 
apparatus for producing eXectroXy-d water in which the number of 
pa rts or components are reduced and which is adapted for aXX 
appXications without any increase in number of parts or 
components even in different specifications. 

« is another object of the present invention to provide an 
apparatus for producing eXectroXvzed water in which each of the 
exectric current fXowing between the electrodes and the 
.nervation time can be changed into an any vaXue by t.King 
account of the number of electrode pXates put tog-ther. or by 
L5 t aKing account of the thicKness of the seaXing member mounted 
around the outer peripheraX edge of the eXectrode pXete. even 
«,e amount of chlorine ion added is constant. 

Xt is further object of the present invention to provide an 
apparatus for producing eXectroXy-d water in which each of the 
20 temperatures of the eXectroXyzed water and the su.Ject water to 
be electrolysed can be set at a desired vaXue. 

according to the present invention, there is provided an 
apparatus for producing electrolyzed water: comprising an 
electrolytic cell, 
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plate having a first through-hole, a second electrode plate 
having a second through-hole, and n sealing member. 

said electrolytic cell is constructed of said first electrode 
plate, said second electrode plate and said sealing member, with 
5 said seaiirm member interposed between said first and second 
electrode plates, to define, between said first and second 
electrode plate-s, an electrolytic chamber for electrolysing 
subject water to be electrolysed therein, 

the first through-hole serves as an inlet for introducing 
lO subject water into the electrolytic chamber. 

the second through-hole serves as an outlet for discharging 
electrolysed water out of the electrolytic chamber. 

said first electrode plate is connectable to one of an anode 
and a cathode, and 

said second electrode plate is connectable to the other of 

the anode and the cathode 

According to the present invention, there is provided an 
apparatus for producing electrolysed water wherein the 
electrolytic cell further including a chlorine supply source for 
20 producing an aqueous solution of hypochloroua acid. 

According to the present invention, there is provided an 
apparatus for producing electrolysed water further comprising a 
heat exchanger connected for providing a heat exchange between 
the subject water supplied Into the electrolytic chamber or the 
25 electrolysed water produced in the electrolytic chamber and a 
heating medium, or Urtween the subject water and the electrolysed 
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water. 

In the apparatus for electrolysed water according to the 
present invention, the anode and cathode plates are formed of the 
electrode plates of the same shape. The sealing member is fitted 
around the peripheral edge of each of the electrode plates and > 
-then, the electrolytic cell is assembled by putting the electrode 
plates together. Thus, the electrolytic cell is constructed and 
hence, a vessel for the electrolytic cell is not required, as in 
the prior art. All the electrode plates are of the same plates, 
and all the sealing members are of the same members too, thereby 
providing a large reduction in cost by a reduction in number of 
components . 

The flow passage for the subject water is provided by 
provision of through-holes opened in the electrode plates forming 
the anode and cathode plates to permit a flow of the subject 
water. Particularly, if any of various sealing plugs depending 
upon an application is mounted in the through-hole, the flow 
passage pattern can be varied. 

If a membrane plate is disposed between the anode and 
cathode plates, an anode chamber is formed between the anode and 
the membrane plates, while a cathode chamber is formed between 
the cathode and the membrane plate, so that electrolyzed acidic 
water and electrolyzed alkaline water can be separated and 
removed* 

In the apparatus fjr producing electrolyzed water according 
to che present invention, a heat exchanger may be connected for 
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previa a neat exchange between the su bj ect water supplied to 
the electrolysing c h *r or the electroXyzed water produced in 
t he electrolyzing chamber and a heating medium or between the 
subj ect water suppXied to the eXect.oXyzing chafer and the 
_ „ ater produced in the electroXyzing chamber. 

Lref ore. each of .he temperatures or the eXectroXyzed water and 
the subject water to he eXectroXyzed can he set at a desired 
value. 

A heat exchange ceXX in the heat exchanger may be assembXed 
10 by putting together <ie. .laminating) the partition pXates of the 
same shape each having a seaXing member ««- around a 
peripheral edge thereof and *Y he provided with an inXet and an 
outxet. so that subject water to he heat-exchanged and a heating 
medium are suppXied through the inXet into the heat exchange ceXX 
15 and discharged through the outXet fro* «- *eat exchange ceXX. 
Thus. a specie! vessel for the heat exchange cell is not 
quired, as in the electrolytic cell. Moreover. -XX the 
partition plates are of the same members and the sealing members 
are of the same ^s. therehy providing a large reduction in 
20 cost by a reduction in number of components. 

xn this case, if the partition plate is formed from a plate 
of the same shape as the electrode plate in the apparatus for 
producing eXectroXyzed water, respective generaX-purpose effects 
of the apparatus and the heat exchanger are further promoted. The 
P a titlon pxate of the heat exchanger is not deteriorated by 
energization. Therefore. if the eXectrode pXates in the 
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electrolytic cell have been deteriorated, such electrode plates 
and the partition plates in the heat exchanger may be replaced by 
each other. or the electrode plates deteriorated in the 
electrolytic cell may be removed and used as the partition plates 
in the heat exchanger, and new electrode plates may be mounted in 
the electrolytic cell, leading to an prolonged life of the 
apparatus for producing electrolyzed water. 

in the apparatus for producing electrolyzed water according 
to the present invention, the electrolysing chamber formed by 
putting the electrode plates and the membrane plates together in 
any combination consists of the anode chamber formed between the 
anode plate and the membrane plate, the cathode chamber formed 
between the cathode plate and the membrane plate. and a 
membraneless electrolyzing chamber. 

In this case, if the subject water is electrolyzed while 
being supplied through the inlet into the electrolyzing chambers 
and Viischarged through the outlet from the electrolyzing 
chambers, chlorine ion Cl" of sodium chloride added in the 
subject water is subjected, in an area adjacent the anode, to a 
reaction represented by" a following reaction formula: 

2 Cl" — Cl, ♦ 2 e" 
to produce chlorine gas. Further, this chlorine gas dissolved 
into the subject water and converted into hypochlorous acid HCIO 
through a reaction represented by a following reaction formula: 
5 Cl, ♦ H,0 — H* ♦ Cl" ♦ HCIO 

in this case, the concentration of residual chlorine (or th* 
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amount of chorine grated) is governed by a product of the 
electric current flowing oetween the electrons and the 
energization time (i.e.. a quantity of electricity), and by the 
^nt of chlorine ion added. However, because the 
electrolysing chamber is forced by putting the anode and catnooe 
p*,tes together, even it the amount of chlorine ion added is 
constant, each of the electric current flowing between the 
electrodes and the energization time can be changed into an any 
value by taking account of the number of electrode pKtes put 
together, or by taKing account of the thlcKness of the sealing 
ra ember runted around the peripheral edge o, the electrode plate. 
Therefore, in cooperation with the control of the amount of 
chlorine ion added. 1= is possible to more finely control the 
concentration of residual chlorine. 

in the anode chamber, forced between the anode plate and the 
nenb „ne plate, of the electrode cnambers formed by provision of 
the membrane plate between the anode and cathode plates, a 

following reaction: 

2 H 2 0 — 4 H* ♦ 0,1 '♦ 4 e* 
> occurs, so that the concentration of hydrogen ion is Increased to 
produce electrolyzed acidic water. On the other hand, in the 
eathode chamber formed between the cathode plate and the membrane 
plate, a following reaction: 

2 H 2 0 - 4 H* ♦ Oj ♦ 4 e" 
« occurs, so that the concentration of hydroxide ion is increased 
to produce electrolysed alKallno water. In this case. «- P» 
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values of the elect roly zed acidic water and the electrolysed 
alkaline water can be controlled by adjusting the. quantity of 
electricity applied to the subject water, but because either the 
anode and cathode chambers ir. the apparatus for producing 
electrolysed water according to the present invention are formed 
by the lamination of the anode and cathode plates with the 
membrane plate interposed therebetween, the electric current 
flowing between the electrodes and the energization tiaie. I.e.. 
i quantity of electricity can be changed to any value by taking 
account of the number of the electrode and membrane plates 
laminated, or by taking account of the thickness of *e sealing 
member mounted around the peripheral edge of the electrode plate. 
Therefore, even if a pH controlling additive such as hydrochloric 
acid is not added, the pH value of the subject water can b^ 
controlled finely. 

If the above-described membraneless olectrolyz ing cha»ber 
and the anode and cathode chambers are provided in any 
combination, the pH vaIus of electrolysed w.ner produced in the 
membraneless electrolyzing chamber and containing chlorine 
(hypochlorous acid) can be controlled into any values in tne 
anode and cathode chambers, respectively. 

For example, when electrolyzed water having a 'large content 
of hypochlorous acid and a large pH value in a range of 1 to 7 is 
produced, the concentration of residual chlorine is controlled in 
the roembran-aleso electrolyzing chamber, and the pll value of an 
aqueous solution of hypochlorous acid produced in the 
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membrane less electrolysing chamber Is controlled into a value in 
a range of 3 to 7 in the anode chamber. The electrolyzed water 
produced in this manner exhibits a large sterilizing effect at a 
small amount of chlorine ion added, because of a large content of 
hypochlorouc acid excellent in sterilizing effect. 

When it is desired to inhibit the corrosive property to a 
pimping system or piping system for the electrolyzed water, it is 
preferable that the pH value of an equeous solution of 
hypochlorous acid produced in the membrane less electrolysing 
chamber is controlled into a weakly alkaline value on the order 
of 7 to 8 in the cathode chamber. This eliminates the need for a 
special corrosion preventing treatment applied to the pumping 
system and the piping system. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Further objects and advantages of the invention can be more 
fully understood from the following detailed description taken in 
conjunction with the accompanying drawings in which: 

Flg.l is an exploded perspective view showing a preferred 
embodiment of apparatus for producing electrolyzed water 
according to the present invention; 

Fig. 2 is a sectional view of an essential portion of the 
apparatus for producing electrolyzed water shown in Flg.l taken 
along a line I I- I I shown in Flg.l; 

Figs. 3 to 7 are views showing main components constituting 
the apparatus for producing electrolyzed water shown in Fig.l, 

13 



2124616 



respectively, wherein ' ' 

Fig.3A is a front view of an electrode plate in the 
apparatus for producing electrolyzed water shown in Fig.l with a 
sealing packing mounted thereto; 

Fig.3B is a sectional view taken along a line 1IIB-IIIB 
shown in Fig. 3 A; 

Flg;4A is a front view of a membrane plate In the apparatus 
for electrolyzed water shown in Fig.l; 

Flg.4B is a side view of the membrane plate in the apparatus 
for electrolyzed water shown in Fig.l; 

Fig.SA Is a front view of a frame In the apparatus for 
producing electrolyzed water shown in Fig-1; 

Fig, SB is a sectional view taken along a line VB-VB shown In 
Fig.SA; 

5 Flg.6A is a partially sectional view of a liquid conduit 

adapter used in the frame shown in Fig* 5; 

Fig.6B is a partially sectional view of a liquid conduit 
plug likewise used In the frame; 

Fig.7A is a partially sectional view of a through-packing 
20 fitted in a through-hole in the elactroda ^late shown in Fig. 3; 

Flg.7B is a partially sectional view of a plug packing 
likewise fitted in the through-hole in the electrode plate; 

Fig.7C is a partially sectional view of a turn packing 
likawlse fitted in the through-hole in the electrode plate; 
25 Fig.7D is a partially sectional view of a liquid conduit 

packing used J*,n the liquid conduit adapter or the liquid conduit 
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plug shown in Fig. 6; 

Fig. 8 is an exploded perspective view showing a modified 
embodiment applied as a relatively small flow rate type apparatus 
for producing electrolyzed water; 

Fig. 9 is a sectional view taken along a line IX-IX shown in 
Fig. 3; 

Fig. 10 la an exploded perspective view showing another 
embodiment of the present invent loo applied as a membraneless 
apparatus for producing electrolyzed water; 

Fig. 11 is a sectional view taken along a line XI-XI shown in 
Fig. 10; 

Fig. 12 Is an exploded perspective view showing a further 
embodiment of the present invention applied as a membraneless 
apparatus for producing electrolyzed water; 

Fig. 13 is a sectional view taken along a line XIH-XI1I 
shown in Fig. 12 j 

Fig. 14 Is an exploded perspective view showing a still 
further embodiment with a membrane electrolysing chamber included 
in part according to the present invention? 

Fig, 15 is a sectional view taken along a line XV-XV shown In 
Fig. 14; 

Fig, 16 Is an exploded perspective view showing a still 
further embodiment with a membrane electrolyzing chamber Included 
In part according to the present invention; 

Fig. 17 is a sectional view taken along a line XVII-XVI1 
shown in Fig* 16; 

15 
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Fig. 18 is on sectional view showing a still further 
embodiment with a membrane electrolysing chamber Included in part 
according to the present invention; 

Fig. 19 is an exploded perspective view of a heat exchanger 
5 ecc rdlng to the present invention; 

Fig. 20 is a sectional view of an essential portion of the 
heat exchanger, taken along a line XX-XX shown in Fig. 19; 

Figs. 21 A and 2XB are perspective views of a turn attachment 
in accordance with the present invention, respectively; 
lO Fig.21C is a perspective view of a sleeve in accordance with 

the present invention, respectively; 

Fig .22 is an exploded perspective view of a heat exchanger 
according to another embodiment of the present invention; 

Fig. 23 is a sectional view taken along a line XX1IX-XXIII 
15 shown in Fig. 22; 

Fig. 24 A is a diagrammatic Illustration of a apparatus for 
producing electrolysed water; 

Fig, 248 la a diagrammatic illustration of a heater In 
accordance with the present invention; 
20 Fig.24C is a diagrammatic illustration of a cooler in 

accordance with the present Invention; 

Flg.£4D Is a diagrammatic illustration of a usual heat 
exchanger in accordance with the present invention; 

Flgs,25A to 25C are diagrammatic illustrations of 
25 embod intents of apparatus for producing electrolysed water with 
heat exchangers according to the present Invention, respectively; 
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Flgs.26A end 26B are diagrammatic Illustrations of other 
embodiments of the present Invention, respectively; 

Figs.27A and 27B are diagrammatic Illustrations of further 
embodiments of the present invention, respectively; and 

. w «->•» content of residual free 

5 Fig>*'o ** a v- 0 *"" »■-*•■-•»■-■-■ ■» 

chlorine relative to the pH value. 

DESCRIPTION OF THE PREFERBED EMBODIMENTS 
The present Invention will now be described by way of 
preferred embodiments In connection with the accompanying 
10 drawings. 

Referring first to Flg.l. «n apparatus for producing 
electrolyzed water according to this embodiment inc) udes positive 
electrodes 2 (each of which will be also referred to as an anode 
plate hereinafter), negative electrode plates 3 (each of which 
15 will be also referred to as a cathode plate hereinafter), and 
permeable membrane. * each provided between both the electrode 
plates 2 and 3. Fu-ther. fre~s 15a, 15« -re mounted on opposite 
sides of a group of these electrode plates. 
plBntro^a plate 6 
20 electrode plate 6 forming each of the anode and cathode 

plates 2 and 3 is made, for example, by coating (which may be 
performed by calcination, a surface of a titanium plate with a 
thin film of platinum or an alloy of platinum and Iridium. M 
shown in Flfl.3. the electrode plate 6 has th.ough^oles 8 opened 
25 in four comers thereof. The electrode plate 6 may be commonly 
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used as either of the anode and cathode plates 2 and 3. and the 
through-:.oles 7 are opened in symmetry, so that there is no 
difference between the top and the bottom even in the same pole. 
The -lectrode plate 6 may be also used as a partition plate 6' 
S for any of he. t exchangers H. C and R. as will be described 
hereinafter. 

in Fig. 3. reference numeral 16 is a flange :or connecting a 
terminal from a power source 17. When the electrode plate 6 is 
used as the anode plate 2, a positive pole terminal is connected. 
lO -nd when the electrode plate 6 is used as the cathode plate 3. a 
..egatlve pole terminal is connected. It should be noted that as 
long as '...rough-holes 7 opened in the four corners are 
symmetrica.. in putting the electrode plates 6 together as 
described hereinafter, the flange 16 may be disposed in any of 
l5 upper and lower locations. Particularly, when the terminal or 
the like interferes due to a narrow space for connection of the 
flange 16 with the terminal of the power source 17. it is 
preferable that the flangea 16 of the electrode plates to be put 
together are positioned alternately in upper and lower locations. 

When the electrode plate 6 is used as the partition plate 6- 
for each of the heat exchangers H. C and R. the flange 16 Is not 
required, but If It. Is taken Into consideration to commonly use 
the electrode pl.tes 6 and the partition plates 6' and to replace 
tne electrode plates 6 of the apparatus for producing 
25 electrolysed water and the partition Plates 6' of the heat 
exchanger H. C * by ,ach other after being used for a long 



20 



10 



15 



20 



2124616 

period. It is desirable that the flange 16 xs left as it is. 
without connection of the power source thereto. 

•jui_\\v>i riMir*m (Tr-V™! M " mher ' 

A8 shown in riy.3. - Packing (i.e.. a sealing 

. „. „ -round a peripheral edge of the electrode 

meinuti # o ----- 

plate 6 and forced from a rubber such as ethylenepropylene rubber 
(EPDMl . * t hrough-hole 18 i- opened in the sealing pacing 8 for 
permitting a passage of the flange of the electrode plate 6. To 
fit th<- sealing packings 8 to the electrode plates 6. they can be 
.seeded only by inserting each of the flanges 16 of the 
electrcdo plates through tha through-hole 18 in the sealing 
packing 8 and then, successively fitting the scaling payings 8 
around the peripheral edges of the electrode plateo 6. 

When several electrode plates 6 and several permeable 
membreno plates 9 are put together ( in the embodiment shown in 
rig-. I and 2. four electrode plates and three membrane plates are 
put together,, as shown in Flg.2, opposite surfaces of each of 
the sealing packings 8 are brought into press contact with the 

a t-o insure a scalability* 
peripheral edge of the membrane plate 9 to insur 

+ i « tha frames 15a. the electroda plates 2 and 3. 
When parts, i.e.. tna ir«»» .«»• 

the sealing Packings 8, the membrane plates 9. „nd the sealing 
plugs 12. 20. and ,6. have been assemble., the sealing packings 

ii n f the electrolytic cell I oy 
0 form a peripheral wall of the eie 

„ .,,„,- 0 T he name is true of 
cooperation with the membrane plates 9. 

u ->n 11 and 23) other than the 
25 embodiments (shown in Flgs.B to 20. 22 and 

embodiment shown in Figs. 1 and 2. 
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« should be noted that an annular ridge 19 Is formed in an 
inner surface of the sealing pacing 8 around the entire 
periphery thereof for enhancing the seai ability to the electrode 
plate 6. when the sealing pacKing 8 has been fitted. .. shown in 

Fig.3B. 

fi-fllfrq pluq 

Any of various sealing plugs ouch as a through-packing 12 
shown in Flg.VA. a plug packing 20 shown in Pig.VB and o turn 
packing 36 shown in Fig.7C may be selectively mounted in the 
through-hole 7 opened in the electrode plate 6. if necessary. The 
detail of the selection of one of the through packing 12. the 
plug packing 20 and the turn packing 36 will oe described 
hereinafter, and an annular ridge 21 similar to that of the 
sealing packing 8 is formed in an inner surface of each of the 
packings X2. 20 and 36 to enhance the liability to the 

electrode pX&te 6, 

The through-packina 12 permits a subject water W (i.e.. * 
water to be electrolysed) introduced from the inlet 4 to be 
passed therethrough as it la. but blocks flow of the eubject 
0 water W fro, an anode chamber 10 and a caU.oda chamber U into 
the through-hole 7 In the electrode plate 6. To the contrary, 
the plug packing 20 blocks both of a passage of a subject water 
„ introduced from th. inlet 4 to be passed therethrough and a 
f low of the subject water W from an anode chamber 10 and a 
25 cathode chamber 11 into the through-hole 7 in the electrode P ,ate 
6 with the through packing 12 mounted therein. 
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On the other hand, the turn j2i<24d6i66blocks a passage of 
a subject water W Introduced from the inlet 4, but permits a 
turning of the subject water W from one of surfaces of the 
electrode plate 6 with such turn packing 36 mounted thereto to 
tho other surface. Thus, as shown in Fig.7C. the subject water 
W is permitted to flow from a through-hole 22 opened in the 
membrane plate 9 through a clearance 37 formed between the 
membrane plate 9 and the turn packing 36 and then flow down along 
thT one surface of the electrode plate 6. Concurrently, the 
subject water W flowing down along the other surface i flows 
through the clearance 37 formed between the membrane plate 9 and 
the turn packing 36 toward a downstream. 

If the through-packing 12 or the plug packing 20 is mounted 
in the through-hole 7. as shown in Fig. 2, the annular ridge 23 
15 (see Flg.4» formed around the periphery of the through-hole 22 in 
the membrane plate 9 Is brought into press contact with the 
through-packing 12 or the plug packing 20, thereby insuring a 
scalability between the anode chamber 10 shown in Fig. I and a 
flow passage 14 of electrolysed alkaline water and a sealablllty 
between the cathode chamber 11 and a flow path 13 of electrolysed 
acidic water. Tho same Is true of the embodiments (shown In 
Figs. 8 to 20. 22 and 23) other than the embodiment shown In 
Figs. I and i. 
Membrane • P) ate 

25 The membrane plate 9 shown In fig. 4 la comprised of a fraee 

9a made of. for example, a synthetic resln such as a polyvinyl 
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chloride, and a membrane 9b embedded simultaneously in injection 
molding of the frame 9a. The membrane 9b may be formed from, for 
example, an polyethylene-based ion-exchange resin. The frame 9a 
is comprised of regular hexagonal lattices continuously connected 
to one another in consideration of a permeability to the subject 
water V* and a rigidity of the frame itself, with projections 24 
being partially formed. With the membrane plate 9 and the 
electrode plate 6 laminated ono on another, the projections 24 
are put into abutment against the electrode pl-to 6 to insure a 
clearance between the electrode plate 6 and the membrane plate 9 
and in addition, to caus*, a turbulent flow to exhibit even an 
agitating function. The projections 24 also have an effect of 
enhancing the rigidity of the frame 9a. 

Further, guides 25 may be formed partially or coAtlnuously 
around a periphery of the f rnme 9a and serve a function tc guide 
the .sallng packing 8 fitted .round the peripheral edge of the 
electrode plate 6. Thus, in putting the electrode plate 6 and 
the membrane plate 9 together, the electrode plate 6 need only be 
laid on the membrane plate 9 in euch a manner that the guides 25 
) formed on the membrane plate 9 are positioned. *t this time, an 
annular rib 26 continuously formed Inside the guides 25 1« 
pressed against sealing packing 8 on the electrode p»ate 6. 
thereby enhancing the seaiablllty between the electrode plate 6 
and the membrane plate 9, 
l5 Through-holes 22 are opened In four corners of the membrane 

pla te 9 to align with the through-holes 7, and further, an 
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annular rib 23 is formed around each of the through-holes 22. 
When the electrode plate 6 and the membrane plate 9 have been 
laminated one on another, as described above, the annular rib 23 
is pressed against the through-packing 12 or the plug packing 20 
mounted to the electrode plate 6, thereby insuring a sealability 
between the anode chamber 10 as well as the cathode chamber 11 
forced between the electrode plate 6 and the membrane plate 9 and 
the flow passage 13 as well as the flow passage 14 for the 

subject water W. 

It should be appreciated that a radial nozzle portion 27 is 
for»ed around a periphery of each of the through-holes 22 opened 
in the membrane plate 9 for radially guiding the subject water w 
discharged from the through-hole 22. This radial nozzle portion 
27 functions to guide the subject water W as uniformly as 
possible over the entire electrode plate 6. when the subject 
watJr w is discharged into the anode and cathode chambers 10 and 
11 formed between the electrode plate 6 and the membrane plate 9. 
The radial nozzle portion 27 also functions to eliminate an air 
pockat liable to be accumulated in an upper portion of each of 
in* arode and cathode chambers 10 and U. In this ««nse, the 
specif 1.1 structure of the radial nozzle portion 27 la 
particularly not limited to only that In the Illustrated 
embodiment and can La modified properly. If necessary. 
Fr»M , Mould Conduit Adapter and Plug 

in the apparatus for producing electrolyzed water of this 
embodiment, when the electrode plates 6 and the membrane plates 
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9 are laminated (i.e., put together), the frame 15a is mounted on 
one surface of the resulting assembly, as shown in Figs.l, 2 and 
5. The material end shape for the frame 15a are particularly not 
limited, if the frame 15a is of a structure capable of insuring 
a rigidity. 

The frame 15a has through-holes 28 opened in four corners 
thereof to align with the through-holes 7 and 22 which are opened 
in the electrode plate 6 and the membrane plate 9, respectively. 
A liquid conduit adapter 29 shown in Flg.6A or a liquid conduit 
) plug 30 shown in Fig.6B may be mounted selectively, as required, 
in each of the through-holes 28. The liquid conduit adapter 29 
forms the inlet 4 or the outlet 5 for the subject water M. The 
liquid conduit plugs 30 may be mounted in the other through-holes 
28 to close the flow passage. 
5 The frame 15a in the present embodiment is formed vertically 

and laterally symmetrically and moreover, any of the liquid 
conduit: adapter 29 and the liquid conduit plug 30 can be 
selectively mounted in the through-hole 2B and hence, the liquid 
condui*: adapter 29 and t: e liquid conduit plug 30 can be freely 
20 selected in accordance with conditions such as the specification, 
the application, the mounting place and the 14 *o of an apparatus 
for producing electrolysed water with a heat exchanger 
constructed by various combinations of heat e.*ohangers H, C and 
R which will be described hereinafter with the apparatus for 
25 producing electrolyzed water, 

A liquid crndult packing 31 as shown < - Fig.7D is mounted to 
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each of the liquid conduit adapter 29 and the liquid conduit plug 
30 to enhance the sealability between the frame 15a and the 
electrode plate 6 located adjacent the frame 15a. Particularly, 
if an annular projection 32 is formed on the liquid conduit 
packing 31. as shown in Fig.7D, it brought into close contact 
with the periphery of the through-.. i 7 in tho electrode plate 
6, thereby enhancing the sealability between the frame 15a and 
the through-hole 7 in the electrode plate 6. 

A rib 33 is continuously formed on the frame 15a to abut 
against the seal packing 8 mounted to the electrode plate 6. 
This also insures a sealability between the entire electrode 
plate and the frame. 

Through-holes 34 ara provided as bolt- insert Ion holes in a 
periphery of the frame 15a and thus, the apparatus for producing 
15 electroiyred water of this embodiment is assembled by puttii.g the 
electrode plates 6 and the membrane Ues 9 together, disposing 
the fra»ea 15a on opposite sides of the resulting assembly of 
these electrode plates, and then inserting bolts < not shown) 
through these bol t- insertion holes 34 to tighten them. 
Alternatively, the frames 15a may be coupled to the assembly of 
the electrode plates by other fastening means other than the 
bolts, such as a clamp. 

Reference numeral 35 shows a through-hole used for 
connecting the terminal of the power source 17 collectively to 
25 the flanges 16 formed on the electrode plates 6. For example, 
the flanges forming the anodes 2 may be disposed <.t the same 
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position , a. . twe flanges forming the cathodes 3 may be disposed 
at a different position- One of four pairs of the through-holes 
35, 35 defined in both the frames may be used for tlie anodes, and 
any of the other pairs may be used for the cathodes- If the 
through-holes 35 are used so, it is possible to simplify the 
connection of the terminal to the apparatus for producing 
electro ly zed water. 

It should bo noted that in the present invention, the 
above -described frame 15a is necessarily not required, and for 
example, the electrolytic cell 1 constructed by lamination of the 
electrode plates 6 and the membrane plates 9 may be fixed 
directly to a desired place (a wall or another device). 

The operation of this embodiment will be described below. 
To assemble the apparatus for producing electrolyzed water 
of this embodiment, the sealing packing 8 is first mounted to the 
peripheral edge of each of the electrode plates 6, as shown in 
Fig. J, Then, the t hrough- packing 12 shown in Fig.7A, the plug 
packing 20 shov/n in Fig.7B or the turn packing 36 shown in 
Fig.7C, as required, is mounted in each of the through-holes. 
The, electrode plates 6 assembled in this manner and the membrane 
plates 9 are laminated (put together) alternately. In this case, 
each component have a general purpose property, i.e., all of the 
electrode plates 6 are of the same members, all of the sealing 
packings 8 are of the same members and can be fitted to any of 
the electrode plates 6, all of the membrane plates 9 are of rhe 
same members. Therefore, the number of plates laminated can be 
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select-.* freely in accordance with the specification of the 
apparatus for producing electrolyxed water. In the embodiment 
shown in Figs.l and 2. the four electrode plates and the three 
membrane plates are laminated. 

Finally, the frame 15a. with the liquid conduit adapter 29 
or the liquid conduit plug 30. as desired, mounted in eech 
through-hole 28 therein, is disposed on one side of the laminated 
a3 sembly of the electrode plates 6 and the nembrane plates 9. and 
t he similar frame 15a is also disposed on the other side, or a 
O terminal plate 15b which will be described is disposed, ana bolts 
are inserted through the bolt- insertion holes 34 and tightened. 

Zn this way. the assembling operation for the apparatus for 
producing electrolysed water of this embodiment is extremely 
easy, and the number of the components is small, leading to a 
15 considerably large advantage in cost. 

A s shown in Flg.2. in the apparatus for producing 
electrolysed water of this embodiment, the electrode plates 6 and 
the membrane plates 9 located betwaen the frames 15a. 15a 
constitute the electrolytic cell 1 itself, wherein a space 
between the anode 2 and the adjacent membrane plate 9 serves as 
the anode chamber 10. while a space between the cathode 3 and the 
adjacent membrane plate 9 serves as the cathode chamber 11. 

•,,,-aover, the anode and cathode chambers 10 and 11 are 
isolated only by taRing account cf the mounting positions for the 
through-packing 12 end the plug packing 20 Into the through-hole 
7 in the electrode plate 6, as shown in Flg.l. 
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Thus, the subject water W introduced through the liquid 
conduit adapter 29 (which forms one inlet 4 for the subject water 
W) mounted to one of the frames 15a flows into the anode chamber 
lO formed between the electrode plate, free from the 
through-packing 12, namely the anode plate 2 and the membrane 
plate 9. During this time, the subject water W introduced 
through this inlet 4 cannot flow into the cathode chamber 11 (but 
the subject water introduced through the other Jnlet flows only 
int:> '-he -cathode chamber), because the through-packing 12 is 
* -.totted in the through-hole 7 in this cathode plate 3. 

In the anode chamber 10 divided in this manner, a reaction 
represented by a following reaction formula: 

2 H,0 -.4 H, ♦ 0,1 Re - 
occurs, so that the concentration of hydrogen ion is increased to 
produce electrolyzed acidic water. Cations such as calcium, 
sodium, magnesium and potassium ions contained Cor intentionally 
added) in city water are permitted to penetrate the membrane 9b. 
attracted toward the cathode ond collected into the cathode 
chamber 11. On the other hand, in the anode chambor 11. a 
reaction represented by a following reaction formula: 

2 H,0 ♦ 2 e - — 2 OH * ♦ H, 1 
occurs, so that the concentration of hydronlde Ion is increased 
to produce electrolysed alkaline water. Anions such as chlorine 
ion contained in the city water is permitted to penetrate the 
5 membrane, attracted toward the anode and collected Into the anode 
chamber 10 . 
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Thus, the electrolysed acidic water passed through the anode 
chamber lO flows through the flow passage 13 and reaches the 
liquid conduit adapter 29 (which forms the outlet 5 for the 
electrolyzod acidic water) mounted to the fraoe 15a. Even in 

this cnae, tne exectroxyxea aiiwi* — — - 

11 cannot flow into the flow passage 13 which la in communication 
with the outlet 5 for the electrolysed acidic vater (the 
electrolysed alkaline water is passed into the other outlet). 

in this manner, the apparatus for producing electrolysed 
water of this embodiment is designed to perform an electrolyxlng 
function In a construction comprising necessary and minimal 
components In varied combinations and therefore, it is possible 
not only to provide a reduction in cost by reducing the number of 
components and using the general-purpose components, but also to 
15 modify the specification of the apparatus. 

The apparatus for producing electrolysed water shown in 
Flgs.i and 2 is suitable, for example, when it is desired to be 
used as a relatively large flow rote type, but following 
applications are possible, for example, when the apparatus for 
producing electrolysed water ia desired to be used as a 
relatively small flow rate type (see Figs, 8 and 9), as a 
mombraneless type (see Figs. 10 to 13). or as a type with 
membraneless electrolysing chambers provided in part (see Figs • I 4 
to 10), 

25 Ap plication utiliz in g a difference in flow rate 

Fig. ft is an exploded perspective view of an embodiment of 
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the present invention applied as an apparatus for producing 
electrolyzed water of a relatively small flow rate type, whereas 
Fig. I is «n exploded perspective view of the apparatus for 
producing electrolyzed water used in the form of a relatively 
large flow rate type, wherein like members or components are 
designated by like reference characters. 

In the embodiment ohown In Fig. 8. the packings 12. 20 and 36 
mounted In the through-holes In tha electrode plates 6 are 
modified from those In the embodiment shown In Fig.l. 

The embodiment shown In fig.l Is preferred to be ui-ad In the 
form of the relatively larg* flow rate type, because even If the 
flow rate cf the subject -ater Is large, the subject water 
introduced through the Ir.let 4 into the electrolytic ceil la 
successively diverted to pass each anode chamber 10 and each 
cathode chamber 11 ( In a su-called -parallel" flow passage 
configuration). With regard to the number of components, the 
apparatus shown In Fig. I la of a construction sufficed mainly by 
only the through~ P acklr.gs 12 without use of the plug packings 20 
and the turn packings 36. 

To the contrary, in the embodiment shown in Fig.B. the 
configurations of the anode plates 2. the membrane plates 9 and 
the cathode plates 3 are the eame as those In the embodiment 
shown in Fig.l. P«t the configurations of the packings 12, 20 and 
36 mounted In the through-holee 7 In the anode plates 2 and the 
5 cathode* t'latea 3 are different from those In the embodiment shown 
In Fig.l. More specifically, the embodiment shown In Fig. a Is of 
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e flow passage configuration (a so-called "serial" flow passage 
configuration) in which the subject water W introduced through 
the inlet 4 into the electrolytic cell 1 successively flows in c 
zigzag way from the anode chamber 10 adjacent the inlet 4 to the 
outlet 5, rather than tveing successively diverted to pass each 
anode chamber 10 and each cathode chamber 11. In the embodiment 
shown in Fig. 8, either the electrolyzed acidic water and the 
electrolyzed alkaline water pass the electrolyzing chambers 10 
and 11 three times in total, respectively, and the flow 
resistance is large. Therefore, it is preferable that the 
apparatus for producing electrolyzed water shown in Fig. 8 is used 
as the relatively small flow rate type. However, even if the area 
of the electrode plate is small, if the number of the electrode 
plates 6 and the membrane plates 9 laminated together is 
increased, it is possible to Insure a required pH value, leading 
to an advantage that the size of the electrolytic cell can be 
reduced . 

Application to Membraneless Apparatus for producing electrolysed 
watex 

In the apparatus for producing electrolyzed water according 
to the preoont invention, the membrane plate 9 is necessarily not 
required. More specifically, the membrane plates 9 may be 
mounted, when in is desired to separata and remove the 
electrolyzed acidic water and the electrolyzed alkaline water. 
Por example, if It is desired to produce electrolyzed water 
comprised ot a mlnture of these electrolyzed acidic water and 
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electrolyzed alkaline water, then the membrane plates 9 may be 
omitted. 

A some amount of chlorine ion la contained, for example In 
natural water, and a chlorine agent is incorporated as a 
5 disinfecting or sterilizing agent in drink water. A subject water 
containing chlorine in this manner is a liquid having not only a 
disinfecting or steriliring ability, but also a corrosive 
property, and hence, it is necessary to subject a piping system 
to a corrosion-preventing treatment. However, if such a subject 
10 water is electrolyzed in a membraneless manner, hydrogen Ion *s 
converted into hydrogen gas and released from the liquid and 
hence, the resulting electrolyzed water is a weakly alkaline 
liquid containing chlorine. It is known that chlorine has a 
strong corrosive property in the acidic water, but in alkaline 
15 water, the corrosive property is inhibited, and only a 
sterilizing effect is left. Therefore, if city water containing 
chlorine or the like is merely electrolyzed in a membraneless 
manner to produce weakly electrolyzed alkaline water, thin weakly 
electrolyzed alkaline water is useful, for example, as a 
20 sterilizing liquid having a less corrosive property. 

Particularly, a weakly alkaline aqueous solution of 
hypochlorous acid has a larger content of hypochlorite ion OC1' 1 
than hypochlorous acid HOC1 and hence, is relatively Inferior in 
sterilizing effect, but advantageous In respect of the corrosive 
25 property to a pumping system and a piping system for a 
sterilizing water. Therefore, if the sterilizing effect and the 
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corrosion-preventing effect are desired to be reconciled with 
each other, a weakly alkaline aqueous solution of hypochlorous 
acid having a pH value in « range of 7 to 8 is larger in utility 
value than a weakly alkaline ^uecus solution of hypochlorous 
acid having a pH value in a range of 3 to 7, 

Fron such a viewpoint, in an apparatus for producing 
electrolyzed water shown in Figs. 13 and 14, an electrolytic cell 
1 is constructed by alternately laminating the anode plates 2 and 
the cathode plates 3 with the membrane plates 9 omitted. The plug 
packings 20 are mounted in those through-holes 7 in the electrode 
plates 2 and 3 which form flow passage for the subject water as 
shown in Fig. 10. Thus, the subject water W introduced through 
the inlet 4 Is electrolysed when it passes each membrane leas 
electrolyzing chamber iOa formed butween the anode plate 2 and 
the cathode plate 3, so that chlorine ion CI* 1 contained in the 
subject water W is converted in an area adjacent the cathode 
plate into chlorine gas through a reaction represented by a 
following reaction formula; 

2 C1 T — CI, ♦ 2 e' 
and further, this chlorine gas is dissolved into the subject 
water and thereby converted Into hypochlorous acid through a 
reaction represented by a following reaction formula; 

ci, ♦ -* :r ♦ ci" * hcio 

Concurrently, a reaction represented by a following reaction 
formula: 

2 H20 — 411* ♦ 02 I ♦ 4 e" 
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occurs In an area adjacent the anode plate, and a reaction 
represented by a following reaction formula: 
2 H20 ♦ 2 e~ — 2 OH~ ♦ H2 1 
occur, in an area adjacent the anode plate. The liquid within the 
w o»branel«8S electrolyzing chamber 10a assumes a form containing 
both of cations such as calcium, sodium, magnesium and potassium 
tons contained (or intentionally added) in the subject water, and 
anions audi a«i chlorine ion. 

When the anode, plates 2 and the cathode plates 3 are 
alternately laminated with each other with the membrane plate 9 
emitted, flow passages c«n be selected in accordance with a 
required flow rate. In th* embodiment shown In Flgs.lO and XI. 
flow passagoa for thft subject water W introduced through the 
inlet 4 are cefxned parallel by using the plug packings 20 
mounted in the through-holes 7 in the electrode plates 2 and 3. 
The apparatus for producing electrolysed water employing such a 
flow configuration la slightly inferior in electrolyzing 
efficiency, as compared with the embodiment shown in Piga.12 and 
13. but is suitable when the flow rata of the subject water M is 
large. Supposing that it Is desired to enhance r » electrolysing 
efficiency at a large flow rate, the number of the electrode 
plates laminated may be increased. 

on the contrast, In the embodiment ehown in Flga.12 and 13. 
hy taking account of the positions of the plug packings 20 
mounted In the through-holes 7 In the electrode plate 2 and 3. 
the flow passages are connected In aeries wherein the subject 



34 



2124616 



water is passed three times into the merabraneless electrolyzing 
chambers 10a, In this case, the apparatus for producing 
electrolysed water can be used as a relatively small flow rate 
type and is excellent in electrolyzing efficiency. 

In the embodiment shown in Figs. 12 and 13, the number of 
lines for the subject water W introduced through the inlet 4 is 
one, and the liquid conduit plugs 30 are mounted in all the other 
through-holes 28 in the frame 5a, This embodiment is one 
illustrated for convenience only in order to facilitate 
understanding of the flowing of the subject water, and in the 
apparatus for producing electrolyzed water according to the 
present invention, the liquid conduit adapters 29 can be mounted 
in the other through-holes 28 to provide two or more introduction 
lines for the subject water W, 

In addition, in the embodiment shown in Figs. 12 and 13, it 
is possible to permit the subject water to flow in the reverse 
direatlon. 

The weakly electrolyzed alkaline water produced from the 
above^descrlbAd chlorine^containing city water used as the 
subject water W Is useful as a sterilizing liquid having a less 
corrosive property and hence, when it is desired to enable the 
concentration of residual chlorine and the pH value to be 
controlled, constructions as shown in Figs. 14 to 18 are 
preferred. 

In an apparatus for producing electrolyzed water shown in 
Figs. 14 and 15, the electrode plates 6 shown in Fig, 3 and the 
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membrane plates 9 shown In Fig. 4 are laminated to form an anode 
chamber 10 between the cathode plate 2 and the membrane plate 9 
and a cathode chamber 11 between the anode plate 3 and the 
membrane plate 9. The flow passage in each of the anode chamber 
10 and the cathode chamber 11 is partitioned by selecting a 
packing 12 mounted in the through-hole 7 in the electrode plate, 
so that electrolysed acidic water produced in the anode chamber 
10 and electrolysed alkaline water produced in the cathode 
chamber 11 are prevented fro« being mixed together after 
production. 

A membraneless electrolysing chamber lOa is also provided 
upstream of the electrolytic cell formed in the above manner and 
partitionea by the anode plate 2 and the cathode plate 3, and the 
electrolysed water produced in the membraneless electrolysing 
chamber lOa is passed into the anode chamber 10 and the cathode 
chamber 11. It should be noted that the membraneless 
electrolysing chamber 10a may be also provided downstream or in 
a central portion of the electrolytic cell I. The membraneless 
electrolysing chamber 10a is single in the illustrated 
embodiment, but a plurality of the membraneless electrolysing 
chambers 10a can bo provided by laminating a plurality of 
electrode plates 2 and 3, Further, in the embodiment shown in 
Fig. 14, the electrolysed water produced In the single 
membraneless electrolysing chamber 10a is supplied into both of 
the anode chamber 10 and the cathode chamber 11, but two or more 
membraneless electrolysing chambers 10a may be provided, i.e., a 
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tnembraneless electrolyzing chamber 10a from which the 
electrolyzed water produced therein Is supplied intc the anode 
chamber 10, and a roerobraneless electrolyzing chamber 10a from 

WlU-Cn ciiw uit:<- v * w a / «.cv« muww*. ^>*. : wx-«-ww— — - — ——■•-■«■ 

the cathode chamber 11. 

When the subject water W introduced through the inlet 4 
passes the membroneless electrolyzing chamber 10a formed in the 
above manner, it is eloctrolyzed, so that chlorine ion CI* (e.g., 
when the sodium chloride has been added in th3 subject water) 
) contained in the subject water is converted in an area adjacent 
the anode plate into chlorine gas through a reaction represented 
by a following reaction formula: 

2 CI" — CI, ♦ 2 e* 
and further, the chlorine gas is dissolved in the subject water 
5 and converted through a reaction represented by a following 
reaction formula: 

CI, ♦ H,0 — CI* ♦ HCIO 
Concurrently, a reaction represented by * following reaction 
formula; 

20 2 H 2 0 — 4 H* ♦ O, t + 4a' 

occura in the area adjacent the cathode plate, and a reaction 
represented by a following reaction formula; 

2 Hfi * 2 e" -** 2 OH* ♦ H, ' 
occurs in the area adjacent the anode plate. Within the 
25 membraneless electrolyzing chamber 10a, the liquid flows 
downwardly in the form containing both of cations such as 
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calcium, sodium, magnesium and potassium Ions contained (or 
intentionally added) in the subject water, and anions such as 
chlorine ion. 

At this time, the concentration of residual chlorine in the 
electrolyzed water produced in the membraneless electrolysing 
chamber 10a can be controlled by adjusting the amount of chlorine 
ion added and the quantity of electricity applied to the subject 
water. and particularly. in the apparatus for producing 
electrolyzed water, the concentration of chlorine ion. even if *t 
has been fixed, can be controlled in a wide range by properly 
char 7 «ng the conditions such as the size of the electrode plate, 
the distance between the electrode plates, the current value and 
the like. For example, if the concentration of residual chlorine 
is desired to be increased with the amount of chlorine Ion added 
and the size of the electrolytic cell maintaining fixed, the 
number of the membranelesa electrolysing chambers 10a may be 
increased, and/or the distance between the electrode plates may 
be increased , 

On the other hand, in the anode chamber fori*ed adjacent the 
20 membranelese eleotrolyzing chamber 10a, a reaction represented by 
a following reaction formula: 

2 H.O - 4 H' ♦ Oj ♦ 4 e- 
oocuro, so that: the eventration of hydrogen ton is increased to 
provide electrolyzed acidic water. In the cathode chamber, a 
25 reaction represented by a following reaction formula; 

2 H,0 ♦ 2 e* "* 2 OH" + H, 1 
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occurs, so that the concentration of hydroxide ion is increased 
to provide electrolyzed alkaline water. 

The electrolyzed water flowing downwardly from the 
r.cn:br2r.cl-c32 'GXcot-rciyz-ing "Ch£<«bcr IrGc i~s »^ with ths 
electrolyzed acidic water and the electrolyzed alkaline water and 
adjusted into a desired pH value. More specifically, the pH value 
of the electrolyzed water produced in the membraneless 
electrolysing chamber lOa is substantially ec^jal to that of the 
subject water, because of the absence of the membrane 9b 
partitioning cation and anlcn, but the pH value of the 
electrolyzed water removed through the outlet 5 can be controlled 
by mixing the electrolyzed water with the electrolyzed acidic 
water and electrolyzed alkaline water produced respectively in 
the anode chamber 10 and the cathode chamber 11. 

For example, hypochlorous acid !!C10 is contained in the 
electrolyzed water produced in the membraneless elect^olyzing 
chamber 10a, as described above, but the content of hypochlorous 
acid HCIO is varied depending upon the pH value, as shown in 
Fig. 28. The content of hypochlorous acid HCIO most excel lan t in 
disinfecting or sterilising power ia larger at a pH value in a 
range 3 to 7. Therefore, when the electrolyzed water is to be 
used for disinfection or f* ter t 1 ization, the pif value thoreof may 
be adjusted by mixing the electrolyzed acidic water produced In 
the anode chamber JO with the electrolyzed water produced In the 
membraneless olectrolyzing chamber 10a. In this case, the 
concentration cf residual chlorine is previously controlled In 
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the merabraneless e.lectrolyzing chamber 10a. 

In addition, when the disinfecting or sterilizing power is 
less required, but it is desired that the corrosive property is 
suppressed to prevent the masting of a pump or a piping, it is 
5 preferable to use weakly electrolyzed alkaline water having a pH 
value on the order of 7 to in such a case, the electrolyzed 
alkaline water produced in the cathode chamber 11 is mixed with 
the electrolyzed water produced in the membraneless electrolyzing 
chamber 10a and containing hypochlorous acid to adjust the pH 
lO value to 7 to 8. 

In this way, with the apparatus for producing electrolyzed 
water according to the present embodiment, it is possible to 
control the concentration of residual chlorine in the 
membraneless electrolyzing chamber 10a to bring out 
characteristics possessed by chlorine, while at the same time, 
controlling the pH value of the finally obtained electrolyzed 
water by the pH value of the olectrolyzed acidic water produced 
in the anode chamber 10 and the electrolyzed alkaline water 
produced in the cathode chamber 11. 

The apparatus for producing electrolyzed water shown in 
Figs. 14 and 15 is suitable, when it is used as a relatively large 
flow rate type, hut it should he appreciated that when this 
producer is desired to be used as a relatively small flow rate 
type, the position and typo of the packings 12, 20, 36 to .be 
mounted in the through-holes 7 in the electrode plates 6 are 
changed, as shown in Figs. 16 and 17. Thur*. a flow passage 
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configuration (a so-called serial flow passage configuration) is 
formed in which the subject water introduced through the inlet 4 
into the electrolytic ceil 1 flows successively in a zigzag 
direction from the membraneless electrolysing chamber 10a 

. . , , ^» c.»^r-occjve.lv diverted to 

adjacent tne nu.ec j.au«=j. ~ 

pass the membraneless electrolyzing chamber 10a. each anode 
chamber 10 and each cathode chamber 11. If the flow passage is 
formed in series in this nanner. the flow resistance is increased 
and hence, it is preferable to use the apparatus for producing 
clectrolyzed water as the relatively small flow rate type. 
However, if the number of the electrode plates 6 and the membrane 
plates 9 laminated is increased even if the area of the electrode 
plate is small, a required pH value can be Insured, leading to an 
advantage that the sire of the electrolytic cell 1 can be 
reduced . 

If the distance between the electrode plates in the 
membraneless electrolyzing chamber lOa is larger, the 
concentration of residual chlorine is larger. Therefore, when the 
distance between the electrode plates ,s desired to be increased 
more than the thickness of the sealing packing 8. a spacer may be 
interposed between the anode plate 2 and the cathode plate 3 In 
the membraneless electrolyzing chamber 10a. In this case, a 
membrane plate 9c with the membrane 9b omitted can be fabricated 
and laminated between the anode plate 2 and cathode plate 3. for 
5 example, as shown in Fig. 18. The membrane 9b of the membrane 
plate 9 la . .hedded in the plate by an Insert molding and hence. 
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if the insertion of the membrane is omitted during the insert 
molding, it is possible to produce a spacer without a need for 
fabricating a special mold. 

A second embodiment will be described below. 

Partition Plate 6* 

Referring to first to Pigs. 19 and 20. a heat exchanger H. C. 
R includes a partition plate 6' vhich is formed fro. the same 
plate material as the electrode plat. 6 in the above-described 
apparatus for producing electrolyxed water. 

More specifically, the partition plate 6' Is made, for 
example, by coating (which may be performed by calcination) a 
surface of a titanium plate with a thin film of platinum or an 
alloy of platinum and iridium, as is the electrode plate 6 shown 
in Fig.3. and has through-holes 7 opened In four corners thereof. 
The through-holes 7 in the partition plate 6- are opened In 
symmetry, so that there Is no difference between the top and the 
bottom. 

piling PAc.lclnq(S l»tTflP«T MMlberl 

A sealing packing (i.e.. a sealing ««mber> 8 is fitted 
around a peripheral edge of the partition plate 6'. This sealing 
packing 8 Is Identical to the sealing packing 8 (see Fig. 3) used 
in the apparatus for producing electrolysed water and formed from 

a rubber auch as EPDM. 

When several partition plates 6- are put together 
(laminated), as shown in Flg.20. opposite surfaces of the sealing 
packing B are brought Into press contact with the sealing 
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. packings 8 of the adjacent partition plates 6* to insure a 
sealabillty. When components which will be described hereinafter 
have been assembled, these sealing packings 8 constitute a 
peripheral wall of a heat exchange cell (which is comprised of 
5 two-line heat exchange chambers 10* and 11* ). 

It should be noted that an annular ridge 19 is formed in an 
inner surface of the sealing packing 8 over the entire periphary 
of the sealing packing 0 for enhancing the scalability to the 
partition plate 6* when the latter has been fitted, as show* in 
10 Fig. 3D. 

Packing. Turn Attachment a nd Centering Sleeve 

A liquid conduit packing 31 shown in Fig.7D, a turn 
attachment 38 shown in Figs.21A and 21B and a centering sleeve 39 
shown in Fig.21C may be mounted selectively, as desired, in 
15 through-holes 7 opened in the partition plate 6*, 

The through-packing 12 permits a subject water W (i.e., a 
liquid to be heat-exchanged) introduced through an inlet 4 to be 
passed therethrough as it is, but blocks a flow of the subject 
water from the heat exchange chamberu 10* and 11* into the 
20 through-hole 7 with the through-packing 12 mounted therein. 

On the other hand, the turn attachment 38 Is a ©ember formed 
into a cylindrical shape, as shown in Flgs,21A and 21B, for 
example, from a synthetic resin, and has radial slits 38a in its 
surface shown in Fig.21A, with its back shown in Fig.2111 being 
25 formeci so that the turn attachment 38 can be fitted over the 
through-packing 12. Thus, if the turn attachment 3ti is fitted 
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over the through -packing 12, and the partition plates 6 # (the 
first and second partition plates from the left, the third and 
fourth partition plates from the left, or the first and second 
partition plates from the right) are laminated, as shown in 
5 Fig. 20, the surface of the turn attachment 6' is put into 
abutment against the partition plate 6*, so that the subject 
water W can pass the slits 38a made in the surface. 

The centering sleeve 39 shown in Fig.2iC is a cylindrical 
member formed so that it can be mounted with its surface and back 
10 fitted over the through-packings 12. The centering sleeve 39 is 
formed, for example, from a synthetic resin, as is the turn 
attachment. The centering sleeve 39 la mounted to contact 
surfaces of the through- packings (on the second third partition 
plates from the left shown in Fig. 20, or the fourth and fifth 
15 partition plates from the left) which are desired to block the 
passage of the subject water W introduced through the inlet 4, 
thereby achieving the centering of the two through-packing* 12, 
12 to ensure the face contact of the through packing 12* The 
centering sleeve 39 is mounted in order to enhance the 
20 scalability of the through-' packing 12 and therefore, can be 
omitted in the heat exchanger according to the present invention. 

By properly selecting the mounting positions of the 
tnrough-packing 12, the turn attachment 38 and the centering 
sleeve 39, the heat exchange chaiaber formed between the partition 
25 plates is divided into two- line heat exchange chambers iO* and 
ll 1 , into one of which, for example, electroiyzed acidla water is 
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supplied, and for example, a heating medium is supplied Into the 
other heat exchange chamber. 

Although being not shown, it la desirable that a member for 
^en*5 r s t £ rvcj * tii-sbti-Xervt flow £2 inc— rstsd between the psrtition 
5 plates 6* In order to provide an enhanced agitatablllty In the 
heat exchange chambers 10 9 and IV formed by laminating a 
plurality of the partition plates 6*. In this case, the partition 
plate 6* may be formed at the sacrifice of the common use of the 
partition plate 6* and the electrode plate 6, but using the same 
10 material as the electrode plate 6, a turbulent flow generating 
member may be formed separately from the partition plate 6', By 
sandwiching such a turbulent flow generating member, it is 
possible to enhance the heat exchanging ability performed on the 
surface and back sides of the partition plate 6* by aa agitating 
15 effect, and to eliminate an air pocket which is liable to be 
accumulated in each of the heat exchange chambers 10' and 11** 

In the heat exchangers H, C # B, when the partition plates 6* 
have been laminated, frames 15a, 15b are mounted! on both sides of 
20 the assembly of these plates, as shown in Figs. 19 and 20* The 
material and shape of the frame 15a or 15b are particularly not 
limited. If the frame 15a or 15b is of a structure capable of 
insuring a rigidity. It la desirable to use a frame 15a or 15b 
which can be also used as the frame used in the apparatus for 
?.5 producing eleotrolyzed water (see Fig. 5), 

As shown in Fig. 5, through^holes 23 are o£*;;«-d in the frame 
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15a or 15b at four comers thereof to align with the 
through-holes 7 opened in the partition plate 6', and a liquid 
conduit adapter 29 shown in Flg.6A or a liquid conduit plug 30 
shown in Flg.6B may be mounted selectively, as required, in each 
5 of the through-holes 28. The liquid conduit adapter 29 forms the 
inlet 4 or the outlet 5 for the subject water W. The liquid 
conduit plugs 30 may be mounted in the other through-holes 28 to 
close the flow passage. 

The frame 15a or 15b in the present embodiment la formed 
10 vertically and laterally eymuetrically and moreover, any of the 
liquid conduit adapter 29 and the liquid conduit plug 30 can be 
selectively mounted In the through-hole 28 and hence, the liquid 
conduit adapter 29 and the liquid conduit plug 30 can be freely 
selected in accordance with conditions such as the specification. 
15 the application, the mounting place and the 11!:- of an 
electrolysed water producing apparatus with a heat exchanger 
constructed by various combinations of these heat exchangers H. 
c and R with the above-described apparatus for producing 

electrolysed water. 
20 A liquid conduit packing 31 as shown In Pig.7D is mounted to 

each of the liquid conduit adapter 29 and the liquid conduit plug 
30 to enhance the eealablllty between the frame 15a or 15b and 
the partition plate 6' adjacent such frame 15a or 15b. 
Particularly. 1= an annular promotion 32 la formed on the liquid 
25 conduit packing 31. as shown in Flg.7D. It la brought Into close 
contact with the periphery of the through-hole 7 in the partition 

46 



2124616 

plate . hereby enhancing ,he scalability betveen the frame 15a 
or 15b and the through-hole 7 in the partition plat* t. 

* rib 33 is continuously formed on the frame 15a or 15b to 

.... ~ *r> oartition plate 

abut against the seal pacKing o «~ • 

6 .. This also insures the aealablllty between the entire 
partition plate and the frame. 

Through-holes 34 are defined as bolt- insertion holes in a 
periphery of the frame 15a or 15b and thus, the heat exchanger H. 
C R of this embodiment is assembled by laminating the partition 
0 plates 6', disposing the frames 15a and 15b on opposite Sides of 
th e resulting assembly of the partition plates 6'. respectively, 
and then inserting bolts through the,e bolt-insertion holes to 
tighten them. Mternatlveiy. the frame 15a or 15b may be coupled 
to the assembly of the partition plates by other fastening means 
l5 other than the bolts, such as a clamp. 

,t should be noted that in the present invention, the 
.hove-descrlbed frame 15a or 15b is necessarily not required, and 
for example, the heat sxchar** cell i constructed by lamination 
of. for example, the partition pi*tes 6' may be f Led Erectly to 
20 a desired place (a wall or another device). 

xn this way. the heat exchanger H. C. K of this embodiment Is 
designed to perform an heat exchanger function in a construction 
comprising necessary *nd Animal components in varied 
combinations. as is the above^deecrlbed -PP-atus for producing 

^ . hAr »f Qt B it is possible not only to 
25 electrolysed water and therefore, 

,iu ~n in cost by reducing the number of components 

provide a reduu. n *n 
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and using the general-purpose components, but also to modify the 
specification of the heat exchanger - 

Following applications are possible, for example, when the 
heat exchanger is desired to be used as a relatively large flow 
rate type < see Figs. 19 and 20), as a relatively small flow rate 
type (see Fige.22 and 23), or as another type. 

Fig. 19 is an exploded perspective view illustrating an 
embodiment of a heat exchanger applied as a relatively larger 
flow rate type, and Fig. 20 is a sectional view taken along a line 
XX-XX in Fig. 19. On the contrast. Fig. 22 is an exploded 
perspective view illustrating an embodiment of a heat exchanger 
applied as a relatively small flow rate type, and Fig. 23 is a 
sectional view taken alo/ig a line XX1XI-XXIII in Fig. 22. In 
Figs. 19 and 20 and Figs. 22 and 23, like parts or components are 
designated by like reference characters. The embodiment shown in 
Figs. 22 and 23 is different from the embodiment shown in Figs. 19 
and 20 , in that the plug packing 20 shown in Fig.7B is mounted in 
addition the through-packing 12. the turn attachment 3B and the 
centering sleeve 30 shown in Figs. 19 and 20, and in various 
considerations of the mounting positions of these components, the 
flow passages for the heating medium and the subject water are 
modified. 

in the heat exchanger shown in Figs. 19 and 20. the subject 
water introduced through the inlet into the heat exchange c«ll, 
5 if the flow rate thereof is large, is successively diverted to 
pass the individual heat exchange chambers In parallel. 
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Therefore, this beat -c^er is preferred for use as the 
r x«lvely large flow rate type. Vlth regard to the number of 
components, the heat exchanger shown In rigs. 19 and 20 is of a 

construction sufficed by the tnrougn 

^ndult packing 31. the turn attachment 38 and the centering 
sleeve 39 without use of the plug packing. 

To the contrary, the lamination arrangement of the partition 
p la tes the like in the heat exchanger shown in Figs.22 and 23 

i8 the same as that in the embodiment shown in Figs. 19 and 20. 
, except for a difference in that the plug packing 20 is employed 
t„ addition to the through-packing 12. the HQuid conduit packing 
31 the turn attachment 38 and the center sleeve 39 which are 
counted in the through-holes 7 in the partition plate 6'. Thus, 
either the heating medium and the subject water are passed 
5 through the heat exchange chambers in series. Therefore, the heat 
exchanger shown in Figs.22 a, 23 is preferred to be used as the 
relatively small flow rate type, and Is advantageous in that if 
the number ,C the partition plates 6' laminated is increased even 
It the area of the partition plate 6- is small, a required heat 
20 exchange effect tv^.ess can be insured. 

Th. respective constructions and operations of the apparatus 
for Producing electrolysed water and the heat exchanger according 
to 11. present invention have been described above. and 
25 embodiments will be described beiow as comprising various 
combinations of the apparatus for producing alectrolyzed water 
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and the heat exchanger. 

F ig. 2 4 is a diagrammatic illustration of an apparatus for 

pacing electrolysed water ana a heat exchanger according to 

t*. presen. Invention, wherein "ET" designates an electrode 

pla te-la«lnated apparatus for producing electrolysed water of the 

«t~d tvne- -H- designates a heater (using a heating 
above -described type, n » 

medium) of the heat exchangers; -C- designates a cooler (using a 
cooling medium, of the heat exchangers; designates a usual 

beat exchanger using no special heating or cooling medium, 
.herein any of the heater, the cooler and the usual heat 
exchanger is a partition plate-laminated heat exchanger. 

rl „t in the embodiment shown in Flgs.25* to 25C. the 
temperature of a subject water is adjusted to a desired 
temperature in the heater H (or the cooler C. and the 
tbus-provlded subject water is supplied into the apparatus for 
producing electrolysed water ET. where electrolysed acidic water 
and electrolysed alKallne water are produced. In this case, all 
the subject water may be subjected to the control of temperature 
ln the heat exchanger H (C and then electrolysed, as shown in 
0 Flfl .25A. or only a part of the subject water may be subjected to 
the control of temperature in the heat exchanger H CO. and the 
temperature-controlled liould and a temperature-uncontrolled 
Object water may be subjected *- •« electrolysis in the 
apparatus for producing electrolysed water ET. 

Xn the former case, the heat exchange effectiveness in the 
h e*t exchanger H (C, is inferior to that in the latter case, but 
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it is possible to maintain constant the temperature of tl 2 
subject water supplied to the apparatus for producing 
electrolyzed water ET by increasing the flow rate of the heating 
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temperature which permits a most effective electrolysis. 

Alternatively, -re shown in FJg.25C, the subject water may be 
first supplied into the apparatus for produ^ir^j electrolyzed 
water ET where electrolyzed acidic water and electrolyzed 
alkaline water may be produced, and then, only the required 
electrolyzed water (the electrolyzed acidic water in Fig.25C) may 
be supplied into the heat exchanger H (C) where the temperature 
thereof may be adjusted to a desired temperature. In this case, 
the subject water adjusted to. the desired temperature may be 
supplied prior to delivery. 

On the other hand, electrolyzed water producing apparatus 
shown in Figs.26A and 26B are intended to perform a heat exchange 
by utilizing a latent heat of a subject water without use of a 
apecl&i hooting medium. More specifically, the subject water 
passed through the heat exchanger R As supplied to the apparatus 
for producing electrolyzed water ET where electrolyzed acidic 
water and electrolyzed alkaline water era produced, but the 
temperatures ot the electrolyzed acidic water and the 
electrolyzed alkaline water are risen by a several degree from 
that of the subject water by an electrolytic action. Thereupon, 
5 if the electrolyzed water (the electrolyzed acidic water in the 
embodiments shown in Fiys.26A and B) is supplied into the heat 
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exchanger R. whera it is subjected to a heat exchange with the 
subject water used as a heating medium, the electrolyxed acidic 
water is cooled to gradually approximate the temperature of the 
subject water. The embodiment shown in Fig.26B has a heat 
exchange effectiveness enhanced by reducing the flow rate of the 
subject water supplied into the heat exchanger R. In the 
embodiments shown in Figs.26A and 26B. the electrolyxed acidic 
water is cooled, while the electrolyxed alkaline water is put 
into waster or the like, but it should be appreciated that any 
electrolyxed water may be selected in the present invention. 

Fig.27A illustrates an embodiment in which an apparatus for 
producing electrolyxed water ET Is combined with a plurality of 
heat exchangers C and R. In this embodiment, a subject water 
passed through the heat exchanger R la subjected to an 
electrolysis in the apparatus for producing electrolyxed water 
ET. and a resulting electrolyxed alkaline water is returned to 
the heat exchanger R. where it is cooled by the subject water 
used as a heating medium. The electrolyxed alkaline water cooled 
down to near the temperature of the subject water in this manner 
is further passed into the heat exchanger (cooler) C. where it is 
cooled to a desired temperature by a heat exchange with a heating 
medium (a cold water), 

An embodiment shown In Fig.27B is also comprised of a 
combination of an apparatus for producing electrolyxed water ET 
25 with a plurality of heat exchangers H and C In this embodiment, 
subject water is once supplied into the heat exchanger (heater) 



52 



2124616 



H, where it is once heated. The heated subject water is supplied 
into the apparatus for producing electrolyzed water ET, where it 
is electrolyzed effectively at a temperature suitable for an 
aiectrclysic. Then, - resulting ^le^t-roly^ed aJk^Xine water is 
introduced into the heat exchanger (cooler) C, where it is copied 
down to a desired temperature. Prior to delivery, this cooled 
water is supplied as a low temperature electrolyzed alkaline 
w~ter. In this way/ the electrolyzed water producing apparatus 
according to the present invention is an extremely flexible 
system provided by various combinations of the cbove-described 
apparatus for producing electrolyzed water with the heat 
exchangers H, C and R, thereby enabling an electrolyzed water to 
be delivered at a temperature moat suitable for an application. 

The embodiments of the present invention Have been described 
to facilitate the understanding of the present invention, but are 
not intended to limit the present Invention. Therefore, the 
elements or components disclosed in the above-described 
embodiments are intended to embrace all modifications and 
equivalents in design within the technical scope of the invention 
defined in claims. 
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WHAT IS CLMMEO IS: 

1. An apparatus for producing electrolysed water: comprising an 

electrolytic cell, 

wherein said electrolytic cell includes a first electrode 
plate having a first through-hole, a second electrode plate 
having a second through-hole, and a sealing member. 

said electrolytic cell is constructed of said first electrode 
plate, said second electrode plate and -iald sealing member, with 
said sealing member interposed between said first and second 
electrode plates, to define, between said first and second 
electrode plates, an electrolytic chamber for el,.ctrolyzlng 
subject water to be electrolyzed therein, 

the first through hole serves as an inlet for introducing 
subject water into the electrolytic chamber, 

the second through-hole serves as an outlet for discharging 
electrolyzed water out of the electrolytic chamber, 

said first electrode plate is connectable to one of an anode 

and a cathode, and 

said second electrode plate is connectable to the other of 

the .anode and the cathode. 

2. An apparatus for producinc electrolyzed water according to 
claim 1, 

wherein said electrolytic cell further Includes a third 
electrode Mate having *. third through-hole, and a second sealing 
member, 



2124616 

said electrolytic cell Includes a first sub-electrolytic-cell 
and a second sub-electrolytic-cell, 

said first sub-electrolytic-cell is constructed of said first 
electrode plate, said second electrode plate ar.d said first 
sealing member , with said first sealing member Interposed between 
said first and second electrode plates, to define, between said 
first and second electrode plates, a first electrolytic chamber 
for electrolyzlng subject water to be electrolyzed therein, 

said second sub-electrolytic cell is constructnd of said 
second electrode plate, said third electrode plate and said 
second sealing member, with said second sealing member interposed 
between said second and third electrode plates, to define, 
between said «econd ^t*d third electrode plates, a second 
electrolytic chamber for electrolyzlng subject water to be 
electrolyzed therein, 

the first through-hole serves as an inlet for introducing 
subject water into the first electrolytic chamber, 

the second through-hole serves as an outlet for discharging 
electrolyzed water out of the second electrolytic chamber, 

the third through-hole serves as an outlet for discharging 
subject water out of the first electrolytic chamber, 

the third through-hole also serves as an inlet for 
introducing electrolyzed water into the second electrolytic 
chamber, 

said first and third electrode plate la connectable to &ald 
one of an anode and a cathode, and 
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said second electrode plate Is correctable to the other of 
the anode and the cathode. 

3. An apparatus for producing electrolyzcd water according to 
claim 2, 

wherein said electrolytic cell further comprises a first and 
a second intermediate plates in each of said first and second 
electrolytic chambers, respectively, 

each of said . first and second intermediate plates 
respectively includes a membrane permitting a selective passage 
of ions, 

said first electrolytic chamber is divided l.ito a first anode 
chamber and a first cathode chamber by eald first intermediate 
plate, 

said first anode chamber is formed between said first 
intermediate plate and one of said first and second electrode 
plates which is connectable to said anode, 

said first cathode chamber is formed between said first 
intermediate plate and the other of said first and second 
electrode plates which is connectable to e*» id cathode, 

said second electrolytic chamber is divided into a second 
anode chamber and a second cathode chamber by said second 
Intermediate plate, 

said second anode chamber is formed between said second 
Intermediate plat* ond one of said second and third electrode 
plates which is connectablo to said anode, 

said second cathode chamber is formed between salci second 
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intermediate plate and the other ,of said first and second 
electrode plates which Is connectable to said cathode. 

a fourth through-hole Is further formed In said first 

electrode plate, 

- fifth through-hole Is further formed In said second 

electrode plate, 

a sixth through-hole la further formed In said third 

electrode plate, 

the first through-hole serves as an Inlet for Introducing 
subject water Into one of said first anoda chamber and said first 

cathode chamber, 

the fourth through-hole serves as an outlet for discharging 
electrolyzed water out of said one of said first anode chamber 
and said first cathode chamber, 

the third through-hole serves as an inlet for introducing 
subject water into the other Of said first anode chamber and said 
first cathode chamber, 

the sixth through-hole serves as an outlet for discharging 
electrolysed water out of the other of said first anode chamber 
and said cathode chajnber, 

the third through-hole also serves as an Inlet for 
introducing subject water Into one of said second anode chamber 
and 6ald second cathode chamber, 

the slHth through-hols also serves as an outlet for 
discharging electrolyzed water out of said one of said second 
anode chamber and said cathode chamber. 
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the fifth through-hole serves as en Inlet for Introducing 
subject water into the other of said second anode chamber and 
said second cathode chamber, and 

the second through-hole serves as an outlet for discharging 
electrolyzed water out of said the other of said second anode 
chamber and said cathode chamber. 

4. An apparatus for producing electrolyzed water according to 
claim 3, 

wherein said electrolytic cell further includes a sealing 
plug disposed In one of said third and sixth through-holes la 
said third electrode plates, and 

said one of said first anode chamber and said fir3t cathode 
chamber communicates with said the other of said second anode 
chamber and said second cathode chamber through said sealing 
plug. 

5, An apparatus for producing electrolyzed water according to 
claim 3, wherein subject water flows in parallel in both said one 
of said first anode chamber and said first cathode chamber, and 
said the other of said second anode chamber and said second 
cathode chamber, 

6, An apparatus for producing electrolyzed water according to 
claim 1. 

wherein said apparatus further includes a chlorine supply 
source for producing an aqueous solution of hypochlorous *-*id, 

7, An apparatus for producing electrolyzed water according to 
claim 6, further comprising a second electrolytic cell, and 
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t.. c nirce Is said second 
wherein salo chlorine supply source 

electrolytic cell, and 

„« -eon* .le«"lV —«-'«» 

.„ d i. — - °< • """" « l "="° d * * 

third «l««ol,«lo ch«-r ... .l.c.r.ly.l», " ** 

electrolyzod therein, 

g An apP aratu a for producing electrolyzed water according to 
cl.1. 7. wherein said first and second anode chairs, said first 
an d second cathode chafers and said third electrolytic chamber 

are connected in parallel to one another In a flow passage for 

subject water to be electrolysed. 

An apparatus for producing electrolyzed water according - 

. w of clal» a 1 to B. wherein all of said electrode plates are of 

the identical members, 

An apparatus for producing electrolyzed water according 

to' -1.1- i ~ further prising , *eat e*=hanger connected 
Cor providing a heat exchange between subject water supplied Into 
S ald first electrolytic cell or electrolysed water produced In 

■ rr M«ti G cell and a heating medium, between 
said first electrolytic can 

«„,,,.« «»r -«»- -« - — * • 1 ~" 01 '" 0 

...^o.^.o -i. - . « • UbI *" 

water and said eleotrolyzed water. 
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11. An apparatus for producing electrolyzed water according 

to claim 10, 

wherein r*eid heat exchanger comprises a heat exchange cell 
Including a firat partition plate having a pair of through-holes , 
a second partition plate having a pair of through-holes, a third 
partition plate having a pair of through-holes, and sealing 
members respectively interposed between said first and second 
partition plates and between said eecond and third partition 
plates, 

a pair of heat exchange chambers are respectively defined 
between said first and second partition plates and between said 
second and third partition plates by putting together said first, 
second, and third partition plates with said sealing members, and 
two pairs of inlets and outlets of said heat exchange cell 
are formed by the pair of through-holes of said first partition 
plate and the pair of through-holes of said third partition 
plate. 

12 ♦ An apparatus for producing electrolyzed water according 

to claim 11, 

wherein said heat exchange call further includes sealing 
plugs disposed in one of the through-holes In said partition 
plates, 

and whereby said flow passages for subject water to be heat- 
exchanged and said heating medium are separated from each other. 
13. An apparatus for producing electrolyzed water according 

to claim 11, wherein all of said partition plates are of the 
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